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Typological Classification of Existing Masonry
Structures in Debar, Gostivar and Kicevo -North
Macedonia

Abstract. In North Macedonia there are a large number of masonry structures that built
before the existence of the seismic design regulations. Most of the existing masonry structures
are single-family houses, in addition there are many public buildings. Within the research, a
typological classification of existing masonry structures will be made in order to assess the
seismic risk of the selected region. From the existing building fund, the buildings intended for
housing are selected for typological classifications. In this context, Debar, Kicevo and Gostivar
were selected, which lie on the active fault zones passing through North Macedonia. Seismic
risk assessment is essential to maintain the durability of the structures and to ensure the safety
of users. The main objective of the research is to take the first and basic steps for seismic risk
assessment. To make this assessment, certain parameters of existing buildings will be used.
Keywords: Masonry structures, Typology, Vulnerability

1 Introduction
The territory of the Republic of North Macedonia is located in the Balkan region
in Southeast Europe. The region of Southeast Europe (Figure 1) is one of the most
seismically active areas on the continent and is characterized by the greatest seismic
hazard and risk in Europe [1]. The Republic of North Macedonia is located in the
alpine-Himalayan zone of the Mediterranean seismic region, and this region is
characterized as a region that results in serious seismic activities as a result of
intensive and frequent tectonic processes [2]. More than three thousand earthquakes
occurred in this territory during the twentieth century [3]. Also, the territory of North
Macedonia has been affected by a series of strong earthquakes in the past centuries
and these earthquakes have caused many human and material losses. But little
information is available about the earthquakes before this period (except for the
catastrophic earthquake in 1555 in Skopje) [4]. In addition, the map of the epicenter
of known earthquakes in the region of the southern Balkans (Figure 2) shows that
intense seismic activity is spreading in several regions and the distribution of
earthquakes is complex [3].

Fig.1. Euro-Mediterranean Catalog of Earthquakes
(EMEC) for the last millennium

Fig.2. Epicenters of earthquakes
known in Macedonia.

Realistic seismic prediction and prevention is the most important factor in
reducing human and property losses and reducing social and economic disruptions. In
this context, in 1957 and 1965, two institutions were established to monitor seismic
activity. These institutions are: Seismological Observatory of the Faculty of Natural
Sciences and Mathematics at UKIM in Skopje, 1957 and Institute of Earthquake
Engineering and Engineering Seismology, UKIM-IZIIS from Skopje, 1965 [5]. The
first standards relating to seismic requirements were the "Temporary Technical
Regulations for Loading Buildings" (1948). The seismic hazard mapping in North
Macedonia was done in 1948, after this map, the official seismic hazard maps were
revised in 1950, 1967, 1979, 1982, 1987, as a result of new developments [6]. Table 1
shows the official codes and seismic hazard mapping in Northern Macedonia.
Three main neotectonic regions are spread on the territory of the Republic of
North Macedonia and the neighboring regions, the Vardar zone, Western Macedonia
and Eastern Macedonia [7], which have developed within the larger, regional tectonic
units. The seismic zone of Western Macedonia is spread along the valleys of the
rivers Crn Drim and Bel Drim, as well as north of them, thus including the epicenter
areas of the Republic of Albania, the Republic of North Macedonia and the Republic
of Greece. The Vardar seismic zone stretches along the valley of the river Vardar, as
well as north of it, to the city of Belgrade in the Republic of Serbia. Thus, it includes
epicenter areas of the Republic of Northern Macedonia, the Republic of Greece and
the Republic of Serbia. The seismic zone of Eastern Macedonia is spread along the
valley of the river Struma, as well as north of it, which includes the epicenter areas of
the Republic of Serbia, the Republic of Bulgaria, the Republic of North Macedonia
and the Republic of Greece.

Tab.1. Official building codes and maps with seismic zoning for the Republic of North
Macedonia
Regulation

1948:

1964:

Temporary technical regulations for
loading buildings, Part-2, no.
11730, July 12, 1948.

Rulebook on technical regulations
for construction in seismic areas,
Official Gazette of SFRY no. 39/64.

Map of seismic zoning

1948:

Map of seismic zoning of the
Federal People's Republic of
Yugoslavia (Official Gazette of the
Federal People's Republic of
Yugoslavia, No. 61/48, June 17,
1948).

1950:

Seismological map of SFR
Yugoslavia Author: J. Mihajlovic

1967:

1979:

1981:

Rulebook on technical norms for
construction of buildings from
seismic areas, Official Gazette of
SFRY no. 31/81 (Amendments
49/82, 29/83, 21/88 and 52/90).

1982:

1987:
1990:

Engineering Geological Map of
SFR Yugoslavia (1: 500,000),
Federal
Geological
Survey,
Belgrade

Map of seismic zoning of SR
Macedonia (1: 600,000), Official
Gazette of SRM no. 2/79.

Provisional Seismological Map of
SFR Yugoslavia (1: 1,000,000)

Seismological maps of SFRY (1:
1,000,000) for return periods of:
50, 100, 200, 500, 1000 and 10,000
years.

Ten potentially active seismic zones with variable potential for generating
destructive earthquakes generally differ on the territory of North Macedonia. It is
stated that these regions are characterized by the potential for accumulation of energy
released in the form of seismic energy that causes earthquakes, depending on the
characteristics of the region in different time periods [6].

Fig. 3. Potentially active fault zones as a result of tectonic extension processes

2 FIELD OF STUDY
The cities of Debar, Gostivar and Kicevo, which are located in the northwestern
part of the Republic of Northern Macedonia, have been selected as the area of work.
Debar is a city in the western part of the Republic of Northern Macedonia, near the
border with Albania. It is located at 625 meters above sea level, next to Lake Debar,
the river Crn Drin and its smaller breakthrough river Radika with a population of
14,561 (according to the 2002 census) [8]. Gostivar is located in the upper region of
the Polog Valley. Gostivar is one of the largest municipalities in the country with a
population of 81,042 (according to the 2002 census) and the city also covers 1,341
square kilometersKicevo is a city in the western part of the Republic of Northern
Macedonia, located in the valley in the south-eastern slopes of Mount Bistra with a
population of 56,734 (according to the 2002 census).

2.1 Seismic activity of the region
The epicenter of all three cities selected within the survey belong to the Western
Macedonian Seismogenic Zone. In addition, the cities of Debar and Gostivar are
located at the first active fault zone passing through Kyustendil (Bulgaria), Kriva
Palanka, Kumanovo, Skopje, Gostivar, Mavrovo, Debar, Elbasan and Vlora

(Albania), while Kicevo is located in fourth active fault zone. The western
Macedonian seismogenic zone is characterized by pronounced marginal dislocations
between horsets and depressions, which are the main carriers of seismicity [9]. The
Republic of North Macedonia is located in the Mediterranean seismic zone and is
characterized by high seismic hazard. During the past centuries, the territory of North
Macedonia has experienced numerous medium-large earthquakes with magnitudes
from 6.0 to 7.8 [10]. The strongest earthquake experienced in the territory of the
Republic of Northern Macedonia was with a magnitude of 7.5 +/- 0.4 in 1904 on
Pehchevo-Kresna. The strongest earthquake in the western Macedonian seismogenic
zone, during the period 1901. to this day, is the 1967 earthquake. with ML = 6.5 with
a hypocentric depth h = 20km [9]. In addition, according to the Seismological
Observatory at the Faculty of Natural Sciences and Mathematics in Skopje, on the
territory of the epicenter area Debar, in the period from 1901 to 2016, there were
about 834 earthquakes.

Fig. 4. Geographical view of selected cities

3 SELECTED BUILDINGS
To investigate the seismic risk of masonry structures in the selected region, it is
necessary to examine the existing masonry structures. Masonry is a common type of
building around the world, due to its simple construction technology and low cost of
materials [11]. Numerous masonry structures have been built in the seismic and nonseismic regions of North Macedonia. Studies show that during an earthquake,
masonry structures face more serious damage problems than concrete or steel
structures [12,13]. The variability of typologies of masonry structures results in a
wide distribution of mechanical properties, making masonry one of the most

applicable building materials. In this context, a very important step in the process of
estimating losses is to establish an inventory / catalog of buildings. To create the list,
all available resources should be used [14]. The existence of building catalogs allows
to analyze the vulnerability of each type of object. Unfortunately, a standard catalog
of building typology has not yet been created in North Macedonia. For this reason,
the first step is to collect data for the selected region. Figures 6, show some of the
selected buildings, with their base, facade and location.

Fig. 5. Seismic map of the Republic of North Macedonia with recorded epicenters and
maximum expected intensity and scale

Fig. 6. Location, base and facade of the selected building (29 Noemvri Street - Gostivar)

When collecting building data, some of the qualifications given by the Global
Earthquake Model (GEM) typology will be taken into account [15]. These
qualifications are: direction, height, date of construction, number of users, position of
the building within the block, shape, structural discontinuities, exterior walls, roof,
floors and foundations. All buildings will be primarily classified based on the
building material. Once the buildings are classified according to the materials used,
they will be evaluated according to the construction system. Other parameters that
will be taken into account are: number of floors / height of the building, quality of
construction and irregularity.
Based on the previously described parameters, the buildings will be grouped into
different categories. Table 2. shows a proposed template for typological classification
of existing masonry structures in the selected region.
Tab.2. Proposed typological classification for existing masonry buildings
Load
(Lateral /
Vertically)

Material
Wall
type

x

Type of floor
construction

Roof
type

x

x

Parameters

Number Irregularity
of
floors
Horizontally or
Vertically
or
x
both
Horizontally
and vertically

Quality of
construction

4 CONCLUSION
In the selected region there are a number of masonry structures, which were built
before the existence of seismic design regulation. This shows that the behavior and
reliability of the buildings during the earthquake is uncertain. To ensure the safety of
users and to protect the architectural heritage in the region, the load-bearing capacity
and behavior of buildings during an earthquake should be determined. Detecting the
load-bearing capacity and behavior of buildings during an earthquake is particularly
difficult for masonry structures. The main reason for this difficulty is the huge
number of possible combinations generated by the geometry, nature and arrangement
of the units, which raise doubts in the identification of a constructive material in
masonry structures. The classification of buildings according to their different
characteristics is a very important step in studying the load-bearing capacity and
behavior of buildings during an earthquake. In this context, the study presents a
proposal for classification of masonry structures in the selected region.
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